Introduction
The angular momentum carried by light can be divided into spin (SAM) and orbital (OAM) components, which are related to circular (elliptical) polarization [1] and phase vortex [2, 3] respectively. The spin and the orbital degrees of freedom of light can get coupled under certain circulmstanes leading to interesting consequences like the spin-orbit interaction of light (SOI) [4, 5] . The SOI of light is under recent intensive investigations due to its fundamental nature and potential applications in the development of novel spin photonic devices [6, 7] . The SOI effect has an inherent geometrical origin that relates to the evolution of geometric phase of light [6, [8] [9] [10] [11] . The topology of the evolution of the electromagnetic wave introduces two types of geometric phases: (a) Spin redirection Berry phase, which arises when polarized light is passed through a twisted dielectric medium; and (b) Pancharatnam-Berry (PB) phase, which arises due to continuous change in the polarization state of the wave when polarized light propagates through anisotropic medium [7, [12] [13] [14] [15] [16] [17] . An interesting manifestation of SOI is the so-called spin Hall effect of light (SHEL) that leads to the spin (circular polarization) dependent splitting of light beam, and has been oserved in various optical interactions [7, 16, 17] . The SHEL effect is known to originate from the transverse (with respect to the direction of propagation) spatial (or momentum) gradient of either the PB geometric phase or the spin redirection Berry phase [7, [16] [17] [18] . SHEL produced in a transversely inhomogeneous anisotropic medium (for incident homogeneously polarized light beam) that arises due to the PB geometric phase gradient is usually larger in magnitude as compared to those produced due to the spin redirection Berry phase in isotropic medium (e.g., in tight focusing of fundamental or higher order Gaussian beams, scattering from micro, nano scale systems, reflection, refraction at dielectric interfaces etc.) [7, 13, 18] . On conceptual ground, it is expected that light beam carrying inhomogeneous spatially varying polarization (SVP) should also produce similar SOI effects due to the generation of space varying PB geometric phase while propagating through a homogeneous anisotropic medium. Thus, if any such SVP light is passed through a homogeneous anisotropic medium, one can obtain information on the unknown space varying polarization state through quantification of the space varying PB geometric phase. In this paper, we demosntrate this useful concept by developing a simple yet elegant interferometric approach for the quantification of the space varying polarization state of light.
For this purpose, we first demosntrate the manifestation of the space varying PB geometric phase as spin-dependent splitting of SVP light beam while propgating through a homogeneous anisotropic medium. This lays the foundation for our next step, to quantify the spatially varying polarization of light in a Mach-Zehnder interferometric arrangement through quantification of 4 the geometric phase and the interference contrast. The demonstrated principle of single-shot determination of SVP states of light may open up an attractive route for mapping complex space varying polarization patterns of distant light sources which may find promising applications in diverse fields of physics ranging from nano-photonics, materials characterization, biophotonics [19] to solar astronomy [20, 21] .
Theory
A homogeneously polarized Gaussian light beam propagating along the z-direction of an inhomogeneous (along the transverse x/y direction) anisotropic medium acquires a space varying PB geometric phase, which leads to the well-known SHEL effect [6, 7, 22] . Likewise, an inhomogenously polarized or SVP Gaussian beam acquires a space varying PB geometric phase while propagating through a homogeneous anisotropic medium and is expected to lead to similar effects as SHEL. In order to realize this phenomenon, we consider the case of an SVP beam generated using a twisted nematic liquid crystal-based spatial light modulator (SLM). Here, the symmetry of the polarization is broken along one of the transverse spatial coordinates ( / xy   ) of the beam. The evolution of polarization in SLM can be modelled using the effective Jones matrix (Jeff) as a sequential product of matrices of an equivalent linear retarder (Jreta, with effective linear retardance δeff and its orientation angle θeff) and an effective optical rotator (with optical rotation ψeff) [23, 24]     
The state of polarization of light, i.e., the ellipticity and the orientation angle of the polarization ellipse emerging from the SLM are determined by the polarization birefringence parameters, eff  and eff  . These parameters in the individual SLM pixels can be modulated by changing the grey level values (n). Therefore, by modulating the pixels of the SLM using usercontrolled grey level distributions, one can produce any desirable SVP states of light using input linearly polarized light. When such SVP light beam propagates through a homogeneous anisotropic medium (e.g., a half waveplate, whose fast axis is oriented horizontally) and subsequently projected to opposite circular polarization states, namely, right circular polarization (RCP) and left circular polarization (LCP), a space varying PB geometric phase is generated. 
; and the projected
The corresponding expression for the PB geometric phase can be obtained using the Pancharatnam's connection [25] ,
One can produce any desirable spatial gradient of PB phase by using appropriate gradient of the grey levels Experimental demonstration of this is presented subsequently.
Having described the space varying PB geometric phase acquired by SVP light beam while propagating through a homogeneous anisotropic medium, we now turn to the quantification of the SVP state through quantification of the geometric phase information. In general, the PB geometric phase depends upon the orientation of the polarization ellipse with respect to the anisotropy axis of the homogeneous anisotropic medium [9, 12] . Moreover, if the transmitted SVP light beam is interfered with a linearly polarized reference beam, the information on the polarization ellipticity and the orientation of the polarization ellipse will also be encoded in the spatially varying contrast of the interference. Therefore, in principle, the PB geometric phase and the contrast information can be combined to obtain complete information on the SVP state using interferometric measurement with appropriate calibration of the dynamical phase of the interferometer. In order to experimentally demonstrate this concept, we take the example of the symmetry broken SVP light beam generated by the SLM, described above. In this specific case of interferometric arrangement (shown in subsequent The Mach-Zehnder interferometric arrangement for the quantification of space varying polarization is shown in Figure 1(b) . The SVP light beam generated by the SLM is used in one arm of the interferometer and a horizontally polarized Gaussian beam is used as the reference beam in the other arm. The interference pattern is captured using a CCD camera.
Results and discussions

Spin-dependent splitting of SVP light beam in homogeneous anisotropic medium
Making use of the experimental arrangement ( Fig. 1(a) Fig. 2(a) ). This is manifested as a spin separation or spatially separated regions of opposite circular polarization states in the the circular polarization descriptor Stokes Vector
] (Fig. 2(b) Figure 3 summarizes the results of quantification of space varying polarization through quantification of PB geometric phase using the Mach-Zehnder interferometric arrangement ( Fig. 1(b) ). A homogeneously polarized light (generated by applying uniform grey level distribution at the SLM) was first used in the sample arm to calibrate the dynamical phase of the interferometric arrangement. Interference patterns (with linearly polarized reference beam)
Interferometric determination of space varying polarization
were sequentially recorded using both the homogeneously polarized and the SVP light beam passing through the half waveplate. The spatial variation of the phase at the CCD plane was subsequently quantified using the conventional windowed Fourier transform method along with the phase unwrapping procedure [26] [27] [28] . The extracted dynamical phase of the interferometer corresponding to the homogeneously polarized light beam ( Fig. 3(a) ), the total phase (dynamical + PB geometric phase) corresponding to the SVP light beam (Fig. 3(b) ) and the geometric phase ( Fig. 3(c) ) that is exclusively related to the SVP state of light, are displayed in Fig. 3 (a)-3(c). As anticipated, the extracted PB geometric phase appears to exhibit a spatial gradient along the y-direction (the direction of the grey level gradient in the SLM). (Fig. 3(c) ) are then combined to yield the spatial variation of the other polarization birefringence parameter, the linear retardance   eff y  of the SLM for the SVP beam (shown in Fig. 3(f) ). As previously noted, the controlled input eff  and the eff  birefringence parameters of the SLM contain information on the ellipticity and the orientation angle of polarization ellipse, respectively of the polarization state generated by the SLM. Therefore, the retrieved spatial variation of the   (Fig. 4(a) ) and the corresponding SVP state generated by the SLM (Fig. 4(b) ), respectively. These results clearly demonstrate the ability of the proposed approach for the quantification of the space varying polarization state of light through quantification of the space varying PB geometric phase using a single shot interferometric measurement.
We emphasize that in this particular scenario of SVP state generated by an SLM, the parameters are equivalent to determination of the space varying ellipticity and orientation of polarization ellipse for the general case of any spatially varying polarized light coming from distant sources. Moreover, since in this specific case, the SVP state was generated by introducing the SLM in one arm of the interferometer, it necessitated combursome calibration of the dependence of the contrast on the birefringence parameters of the SLM (shown in Fig.   3(d) ). This may not be needed for the general case, where the extracted spatial variation of the PB geometric phase and the interference contrast contain sufficient information to retrieve complete information on the spatial variation of the polarization. Although the principle has been demonstrated for completely polarized light, it can also be extended to incorporate partial polarization states by including additional calibration of the dependence of the contrast of intereference on the degree of polarization of light. We are currently expanding our investigations in this direction towards practical applications of this promising technique.
Conclusion
In summary, we have demonstrated a new experimental concept for the quantification of space varying polarization state of light using a single shot interferometric measurement. This method is based on interferometric determination of space varying PB geometric phase that a spatially varying polarized light generates while propagating through a homogeneous anisotropic medium. It is shown that the information on the space varying geometric phase and the space varying contrast of the interference obtained using a polarized reference light beam can be combined to yield complete information on the space varying polarization state of light. The principle is experimentally demonstrated in a Mach-Zehnder interferometric arrangement by recovering space varying polarization of light generated by a spatial light modulator. Since the method is based on interferometry, it is expected to yield better sensitive as compared to the traditional intensity-based polarization measurement methods. Moreover, this approach also obviates multiple intensity measurements as required in different variants of the widely used Stokes polarimetric methods [29] [30] [31] . The potential benefits of this promising method with regard to the accuracy and sensitivity of polarization measurements, however, remain to be rigorously evaluated. It is envisaged that this single-shot interferometric polarimetry technique may significantly enhance polarimetric applications for probing the dynamics of a wide range of phenomena in diverse systems ranging from complex materials [32] [33] [34] , biological systems [19, 35, 36] , to the astrophysical domain [20, 21] , where high cadence and high precision measurement of spatial polarization patterns are desirable [37] . Finally, the proposed interferometric approach for spatially varying polarization measurements represents a fundamentally interesting approach with much potential but its practical benefits remain to be explored. 
